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Available online 18 May 2016AbstractOn the 28th of November 2012, high shale gas flow was confirmed to be 203  103 m3 in Longmaxi Formation; this led to the discovery of
the Fuling Shale Gas Field. On the 10th of July in 2014, the verified geological reserves of the first shale gas field in China were submitted to the
National Reserves Committee. Practices of exploration and development proved that the reservoirs in the Fuling Shale Gas Field had quality
shales deposited in the deep-shelf; the deep-shelf had stable distribution, great thickness with no interlayers. The shale gas field was charac-
terized by high well production, high-pressure reservoirs, good gas elements, and satisfactory effects on testing production; it's from the mid-
deep depth of the quality natural gas reservoirs that bore high pressure. Comprehensive studies on the regional sedimentary background, li-
thology, micropore structures, geophysical properties, gas sources, features of gas reservoirs, logging responding features, and producing
features of gas wells showed the following: (1) The Longmaxi Formation in the Fuling Shale Gas Field belongs to deep-shelf environment where
wells developed due to organic-rich shales. (2) Thermal evolution of shales in Longmaxi Formation was moderate, nanometer-level pores
developed as well. (3) The shale gas sources came from kerogens the Longmaxi Formation itself. (4) The shale gas reservoirs of the Fuling
Longmaxi Formation were similar to the typical geological features and producing rules in North America. The findings proved that the shale gas
produced in the Longmaxi Formation in Fuling was the conventional in-situ detained, self-generated, and self-stored shale gas.
Copyright © 2016, Lanzhou Literature and Information Center, Chinese Academy of Sciences AND Langfang Branch of Research Institute of
Petroleum Exploration and Development, PetroChina. Publishing services by Elsevier B.V. on behalf of KeAi Communications Co. Ltd. This is
an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Studies on sedimentary facies, reservoirs, preserving con-
ditions as well as main controlling factors in promoting the
high production of shale gas in Longmaxi Formation of
Silurian have been carried out recently in China [1e21], at the
same time, national petroleum companies and local enterprises
were enforced to explore and develop shale gas.
Exploration practices for four years finally confirmed high
shale gas flow to be 203  103 m3 in Longmaxi Formation on* This is English translational work of an article originally published in
Natural Gas Geoscience (in Chinese).The original article can be found at:10.
11764/j.issn.1672-1926.2015.08.1488.
E-mail address: Liurb.ktnf@sinopec.com.
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2468-256X/Copyright © 2016, Lanzhou Literature and Information Center, Chinese Academy of Science
China. Publishing services by Elsevier B.V. on behalf of KeAi Communications Co. Ltd. This is an openthe 28th of November 2012; this led to the discovery of the
Fuling Shale Gas Field. However, several experts and scholars
doubt whether the gas produced in Fuling Gas Field was shale
gas. It was pondered whether the crack reservoirs or other
lithological reservoirs in the interlayer could provide much
higher production. Based on a lot of basic studies, Fuling
Shale Gas Field was analyzed finely and it was considered that
the Fuling Shale Gas Field had a considerable thickness of
reservoir rocks, stable distribution, high production, and high
reservoir pressure; it's from the mid-deep depth of the quality
natural gas reservoirs that bore high pressure. The verified
geological reserves of the first shale gas field in China were
submitted to the National Reserves Committee. By the end of
2014, 178 wells have been drilled, and among them 136 wells
were completed and 89 wells were being produced. The pro-
ducing capacity of 25  103 m3/a has been built, the accu-
mulative amount of gas of 12.24  108 m3 was produced ins AND Langfang Branch of Research Institute of Petroleum Exploration and Development, Petro-
access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Shale Gas Field had good prospects for shale gas exploration
and development. On the 5th of November 2014, the 5th
World Peak Meeting of Shale Oil & Gas was held in Dallas,
U.S. in which SINOPEC was awarded “International Pioneer
in Shale Oil & Gas Exploration”. Hence, this made Fuling
Shale Gas Field the first great commercial discovery in the
world except in North America. Due to the award, SINOPEC
became the 4th international energy company who won the
special award right after Chevron (2013), Apache (2012), and
3 Legs (2011). The honor told the world effectively that the
gas explored in Fuling Shale Gas Field was conventional shale
gas. In this research, using geological features, production
rules of gas wells, and so on as a viewpoint, the author proved
that the Fuling shale gas reservoirs were not cracked. They
were less than the usual reservoirs, but it was the typical
continuous-type shale gas reservoir with its source and reser-
voir being in the same bed.
2. Features of the Fuling Shale Gas Field
During the Late Ordovician-Early Silurian, the Sichuan
Basin was transitioning from passive continental margin to
foreland basin, and as a result, a shelf with its mouth opened to
the north developed thus, revealing the configuration of three
uplifts confining a depression. The three uplifts mentioned are
the Qianzhong Uplift in the south, the Chuanzhong Uplift in
the west, and the Xuefeng Uplift in the east [9]. In the Early
Mid-Ordovician, the open sea became constricted for it was
surrounded by uplifts, not to mention the vast anoxic envi-
ronments with low energy came into being (Fig. 1). From the
end of the Ordovician to the beginning of Silurian two global
transgressions took place and the shales of the Wufeng-
Longmaxi Formation developed in the Sichuan Basin and its
marginal areas [10].
The Fuling Shale Gas Field was located in the vast open
shelf surrounded by the three uplifts mentioned above. Cores
showed that the carbon-rich shales were distributed firmly the
thickness was 84e163 m. The thickness of quality shales was
34e46.7 m. The TOC of 345 samples from the four explora-
tion wells was 0.46%e7.13%, with an average of 2.66%. The
highest TOC of quality shales (TOC  2.0%) was 5.89%, with
an average of 3.56%. The results provided showed that the
areas studied had mid-high TOC contents that provided a good
material base to generate shale gas.
The main target interval in the Fuling Shale Gas Field was
Wufeng Formation and the 1st sub-interval of the 1st interval
of the Longmaxi Formation; presently, the horizontal well all
go alone the target interval. The lithologies were dominated by
dark grey radiolarian graptolite carbonic shales and carbonic
silty mudstones. The percentage of mud was close to 100%
and the organic matter rich shales (TOC  1.0%) covered up
to 95% (Fig. 2). There was a great deal of pyrites and siliceous
radiolarians. The apparent shales were the result of the
compression of the deep-shelf environments; sponge spicules
were also enriched in the quality interval. Numerical data
attained from Well JY1 showed that the thickness of qualityshale with the TOC  2.0% of the 1st sub-interval was 38 m.
The TOC was high as well as the siliceous minerals with an
average of 3.5% and 44.82%, respectively. Furthermore, they
had a positive coupling correlation that suggests they were
favored for shale gas generation and enrichment as well as
fracturing. The thickness, TOC, and mineral ingredients of
rocks were similar to those of Well JY1.
3. Reservoir features3.1. Micropores developed wellBased on cores, thin sections, Ar-ion polishing, SEM et
cetera observations, a great deal of organic pores developed in
quality shales in the Wufeng-Longmaxi Formations that took
the shape of a honeycomb. The organic pores made great
contributions to porosity; the porosity covered 30%e60%
[14]. Moreover, bits of clay pores and brittle mineral pores
also developed (Fig. 3). The studies showed that good corre-
lation between porosity and TOC exists, wherein the TOC was
greater; the organic pores developed better and the porosity
has been just as great. Furthermore, hydrocarbons were easier
to be stored in the organic pores than water. Therefore, the
organic pores provided great places to accumulate and store
shale gas.
Nitrogen adsorption experiments showed that the pore
volume in shales of Wufeng Formation and the 1st interval of
Longmaxi Formation were 0.008e0.024 cm3/g, whereas the
average was 0.013 cm3/g. The average pore diameter was
2.9e3.8 nm. The curves of pore volumes of shales showed
(Fig. 4, Fig. 5) that when the pore diameters of the samples
were smaller than 10 nm, the accumulative curve was steep
while the diameters of pores that were bigger than 10 nm had a
gentle accumulative curve. However, when the diameters of
pores were 1.5e10 nm, both the micropores and the medium
pores make great contributions to pore volumes.
Normal experiments on geophysical properties, by means
of helium, demonstrated that the quality shale interval had
high porosity and satisfactory geophysical properties in the
Fuling Shale Gas Field. The porosity of cores from Well JY1
was 2.78%e7.08% with an average of 4.08%. Meanwhile, the
permeability was (0.0016e216.601)  103 mm2 with an
average of 0.16  103 mm2.3.2. Long stable production of wellsThe production history curve of a single well showed that
the time needed to produce by most of the development wells
is over one year. In the tests performed, production and
pressure decrease slowly in order to show the features of non-
crack gas reservoirs, for example, Well JY1HF has produced
for two years, the production yield is 6.2  104 m3 per day,
whereas accumulative production is 5501  104 m3. The
present pressure of oil pipe is 12.1 MPa, whereas the pressure
of the casing is 13.7 MPa. Therefore, the production and
pressure were stable (Fig. 6). It was suggested that the shale
reservoirs belong to pore reservoirs, not crack reservoirs.
Fig. 1. Lithofacies paelogeographic map at the early stage of Longmaxi Formation of the Sichuan Basin and its surrounding areas [15].
111R. Liu / Journal of Natural Gas Geoscience 1 (2016) 109e1184. Reservoir storing features4.1. In-situ reservoirs with integrated source rocks and
reservoir rocksAccording to analyses on components of natural gas and
carbon isotope from several typical gas reservoirs in Sichuan
Basin and Fuling Shale Gas Field, it could be inferred that the
Wufeng-Longmaxi shale gas reservoirs were continuous, self-
generated, and self-stored with integrated source rocks and
reservoir rocks.
4.1.1. Established facts on natural gas components
Detailed examinations on natural gas through geochemical
tests suggested that shale gas had high methane content
(97.221%e98.68%), greater dry ratio, lower non-hydrocarbon
contents (helium, nitrogen, and carbon dioxide) than otherintervals, as well as little or no hydrogen sulfide. Methane in
the natural gas from the areas studied in the Longmaxi For-
mation was commonly higher than 97%, thus classified as a
typical dry gas (C1/C2 > 95%). The ethane and heavy hy-
drocarbon gas were lower than 2%, at the same time little
amounts of helium, nitrogen, and carbon dioxide was found;
their densities were lower than 0.6 g/cm3. Meanwhile, natural
gas methane from the Jurassic and the Permian were
commonly lower than 95%, while the natural gas methane
from part of examples from Cambrian and Sinian were lower
than 95%, for example, the methane contents of natural gas
from the Daanzhai Member of Jurassic from Well FSH1 was
78.53%, ethane was 10.15%, thus possessing features of
typical wet gas. The density of natural gas was commonly
higher than 0.6 g/cm3 (Table 1).
The natural gas from Longmaxi Formation in the Fuling
Shale Gas Field had an insignificant amount of non-
Fig. 2. Comprehensive column of the Wufeng Formation shale gas interval-1st member of the Longmaxi Formation in Well JY1.
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Fig. 3. Pore types in Longmaxi Formation shales in the Jiaoshiba area.
113R. Liu / Journal of Natural Gas Geoscience 1 (2016) 109e118hydrocarbons (e.g. helium, nitrogen, and carbon dioxide)
while the natural gas' nitrogen and carbon dioxide content
from other intervals were relatively higher. The nitrogen in the
natural gas from Longmaxi Formation was 0.51%e2.192%,
but most of the time it's about 0.8%. The carbon dioxide
content was 0.052%e0.374%, with an average of 0.19%. The
nitrogen in natural gas from other intervals was 0e7.23% with
an average of 1.95%. The carbon dioxide content was 2.12%e
9.77% with an average of 5.06% (Table 1). In comparison, the
contents of nitrogen, especially carbon dioxide in Longmaxi
Formation were obviously lower.
Furthermore, there were little or no H2S in the shale gas
from the Longmaxi Formation. However, H2S in other in-
tervals were commonly found and of high value, the highest
was up to 5.78% (volume contents, Table 1); this reached theFig. 4. Pore volume curves of the sample from 2573.4 m in Longmaxi For-
mation in Well JY4.standard of medium-high in terms of H2S contents. This was
also a typical feature that sets shale gas from Longmaxi For-
mation apart from the conventional natural gas from other
intervals.
4.1.2. Proven facts by natural gas isotope
There exists a carbon isotope inversion as
d13C1>d13C2>d13C3 in the natural gas from the Longmaxi
Formation in the Fuling Shale Gas Field, it showed negative
carbon isotope series while the natural gas from other intervals
showed positive carbon isotope series as d13C1<d13C2 (Table
2). Studies showed that the natural gas from Longmaxi For-
mation has several different series of values of carbon isotope
that suggests that it underwent several different evolution
stages [11]. The sealing system of shales with high thermalFig. 5. Pore volume curves of the sample from 2581.2 m in Longmaxi For-
mation in Well JY4.
Fig. 6. Production history curve of Well JY1.
114 R. Liu / Journal of Natural Gas Geoscience 1 (2016) 109e118evolution, mixture of natural gas, and various time periods are
some of the possible reasons that caused the inversion of
carbon isotopes in shale gas from Longmaxi Formation. The
shale gas from Longmaxi Formation was dominated by py-
rolysis gas, which was generated in two ways. One way is thatTable 1
Natural gas constituent in various geological periods within Sichuan Basin.
Area Well name Formation Component and content/%
Methane Ethane Propane
Jiaoshiba JY1HF S1l 97.221 0.545 0.005
S1l 98.340 0.680 0.015
S1l 98.340 0.663 0.023
S1l 98.410 0.683 0.019
S1l 98.336 0.676 0.015
S1l 98.097 0.585 0.232
JY1-1HF S1l 98.000 0.660 0.055
JY1-3HF S1l 98.260 0.734 0.024
S1l 98.230 0.706 0.026
S1l 98.230 0.723 0.032
S1l 98.240 0.721 0.027
JY6-1HF S1l 98.280 0.840 0.020
S1l 97.980 0.741 0.024
JY7-1 S1l 98.680 0.570 0.020
S1l 98.050 0.713 0.024
JY8-1 S1l 98.010 0.801 0.020
JY9-1 S1l 98.470 0.800 0.020
S1l 98.000 0.753 0.025
Xinglongchang FSH1 J1da 78.530 10.150
TL2 P1m 90.460 0.160
XL1 P2c 83.770 0.080
Gaoshiti-Moxi GK1* Z2d
4 95.750 0.050
GSH1* Z2d
4 91.220 0.040
MX9* Z2d
2 92.360 0.050
MX10* Z2d
2 93.170 0.050
MX12* 21l1
3 95.330 0.120
MX17* 21l1
3 96.120 0.140
Weiyuan W2* Z2d
34 86.930 0.090
W23* Z2d
34 86.670 0.070
JINY1 Z2d
4 85.880 0.090
Note: The data of well name with * symbols were quoted from Ref. [22].the crude oil transformed into gas through pyrolysis, and the
other is that the kerogens or colloidal asphaltenes transformed
into gas through pyrolysis. Whenever the two types of gas mix
together, at a certain percentage, the carbon isotopes become
inversed [23]. The reason is that during the course ofRelative
density
N-butane Iisobutane He N2 CO2 H2S
0.001 2.192 0.567
0.001 0.032 0.840 0.100 0.563
0.001 0.003 0.812 0.116 0.563
0.001 0.797 0.052 0.562
0.001 0.836 0.103 0.563
0.012 0.016 0.037 0.816 0.196
0.001 0.003 0.035 0.907 0.336 0.565
0.001 0.003 0.033 0.806 0.13 0.003
0.002 0.005 0.033 0.861 0.124 0.003 0.563
0.003 0.010 0.034 0.819 0.127 0.003 0.564
0.002 0.006 0.033 0.829 0.127
0.650 0.21 0.562
0.001 0.002 0.035 0.839 0.374 0.002 0.566
0.530 0.200 0.562
0.002 0.046 0.879 0.287 0.565
0.001 0.040 0.884 0.244 0.005 0.565
0.510 0.200 0.563
0.001 0.002 0.046 0.841 0.257 0.003
0.030 2.050 4.960 0.712
0.010 0.730 7.360 1.170 0.624
0.010 0.470 9.770 5.780 0.619
1.860 2.120 0.581
0.030 1.360 6.350 1.000 0.628
0.040 0.100 4.250 3.190 0.617
0.030 0.110 4.240 2.390 0.611
0.030 1.620 2.320 0.580 0.588
0.050 0.900 2.260 0.520 0.584
0.190 6.980 4.640 1.130 0.635
0.210 6.710 4.990 0.638
0.210 7.230 5.710 0.790 0.636
Table 2
Values of C-isotope of natural gas in various geological periods in the Sichuan
Basin.
Area Well name Formation d13C1/‰ d
13C2/‰ d
13C3/‰
Jiaoshiba JY1HF S1l 30.3 34.2 36.4
S1l 29.5 34.5 36.1
S1l 29.4 34.4 36.1
S1l 30.1 35.5
S1l 30.6 34.1 36.3
JY1-2HF S1l 29.9 35.9
JY1-3HF S1l 29.4 34.5 36.3
S1l 29.5 34.6 35.0
JY4HF S1l 31.2 35.1 36.3
JY6-2HF S1l 30.3 34.3
S1l 30.0 34.3
S1l 31.0 34.3
S1l 30.4 34.03
JY6-3HF S1l 30.6 34.3
JY7-2HF S1l 29.1 33.9 37.1
JY9-2HF S1l 30.0 34.4 37.5
S1l 30.1 34.3
JY10-2H S1l 31.9 35.1
Xinglongchang FYHF-1 J1da 47.3 32.2
FSH1 P1m 33.1 35.5
LSH1 P2c 31.5 34.4
XL1 T1f 34.2
Gaoshiti-Moxi GSH1* Z2d
4 33.8 26.9
GSH2* Z2d
4 33.7 28.0
GSH10* Z2d
2 35.6 24.8
MX10* Z2d
2 34.5 26.4
MX11* 21l1
3 33.3 31.9
MX17* 21l1
3 35.4 30.2
Weiyuan W27* Z2d
4 31.9 31.1
W100* Z2d
12 32.3 31.8
Note: The data of well name with * symbols were quoted from Ref. [22].
115R. Liu / Journal of Natural Gas Geoscience 1 (2016) 109e118pyrolysis, due to fractional distillation, d13C in kerogen de-
creases by 1‰e3‰ more compared to that in crude oil,
condensate oil, and associated gas.
At the stage of high thermal maturation, transformation of
crude oil into condensate oil as well as a carbon chain
breakdown makes the humidity of pyrolysis gas in the initial
pyrolysis greater than that of the second pyrolysis, not to
mention, the isotopes tend to be lighter [24] despite the main
product of kerogens and colloidal asphaltenes being methane.
Therefore, greater influence on carbon isotopes value in
methane shows relatively high values of d13C1. Whenever the
humidity of pyrolysis gas from kerogens and colloidal
asphaltenes is low, the percentage of ethane and propane
covered is low. Hence, when mixed with ethane and propane
through crude oil pyrolysis there's an insignificant impact on
carbon isotopes.
The isotopes of methane and ethane are decided by crude
oil, showing relatively low values of d13C2, d
13C3. Relatively
high values of d13C1 and low values of d
13C2 and d
13C3 lead to
the inversion of carbon isotopes that is d13C1 > d13C2 > d13C3.4.2. Shale gas field with large areasThe Jiaoshiba structure where the Fuling Shale Gas Field
was located in a boxlike anticline where reversed faults insouthwestern, northwestern, southeastern, and eastern part
developed while the strata were stable and the faults developed
poorly in the main body of the Jiaoshiba structure (Fig. 7). The
deposition in the deep-shelf caused the shale gas intervals to
be stable; tests showed that its thickness was 84e163 m. Data
from 136 wells were completed and the wave impedance
inversion of 3D seismic data showed that the shale gas res-
ervoirs were distributed in a stable manner [25] (Fig. 8). At the
same time, normal seismic cross-sections showed the reflect-
ing features of the flat spot at the boundary of water and gas.
The analyses of underground water were primarily done by
draining the fluid out of the layer and back into the fracture.
The results showed that the shale gas intervals contained little
or no water and no uniform boundary between water and gas.
So, according to the features mentioned above, the shale gas
reservoirs of the Longmaxi Formation in Fuling area were
continuous shale gas reservoirs that self-generated and self-
stored, thus possessing the features of great areas and
continuous reservoirs.
5. Comparisons with typical shale gas reservoirs in North
America5.1. Comparable geological featuresSimilar lithologies and lithological combinations between
shale gas intervals in Longmaxi Formation in the Fuling Shale
Gas Field and those in Barnett, Marcellus, Haynesville,
Fayetteville, Eagle Ford, et cetera in North America. The
genetic types of shale gas, the thickness of shales, geochem-
ical features, gas contents, mineral features of rocks, et cetera
were also similar to those in commercial shale gas fields in
North America (Table 3).
Both the shales of Longmaxi Formation in the Fuling shale
gas field and the typical shales in North America have a ma-
rine sedimentary environment. The depth of gas reservoirs was
generally shallower than 3000 m. The thickness of shales,
TOC, gas contents, porosity, permeability, and the contents of
brittle minerals such as silicon and carbonates were similar.
The average values of RO of shales were 2.79%, which is
classified as being in the over-maturation stage. The gas
generated was chiefly dry gas. In North America, except the
shales in Fayetteville that was at the over-maturation stage, all
the others were at the high maturation stage. The gas gener-
ated was mainly wet gas, which is the product of crude oil due
to pyrolysis. Furthermore, some amounts of adsorption con-
tained in gas covered 25%e70% of total gas contents.5.2. Similar geophysical corresponding featuresIdentical to the electrical features of typical shales in North
America, the shale gas intervals of Longmaxi Formation in the
Fuling Shale Gas Field also had logging corresponding fea-
tures named Four High and Three Low, that is high natural
Gama, high uranium, high AC, relatively high resistivity, low-
density, low neutron, and low non-uranium Gama.
Fig. 7. Structural map of the bottom of the Wufeng Formation in the Jiaoshiba block in the Fuling Shale Gas Field.
116 R. Liu / Journal of Natural Gas Geoscience 1 (2016) 109e118The values of natural Gama were 141.51e307.42API with
an average of 182.64API. The values of non-uranium were
45.27e123.19API with an average of 85.32API. The values of
AC were 239.21e287.96 ms/m with an average of 255.51 ms/Fig. 8. Fuling Shale Gas Fieldm. The values of the neutron were 10.67%e19.92% with an
average of 13.86%. The values of the neutron density were
2.422e2.630 g/cm3 with an average of 2.527 g/cm3. The
values of uranium were (4.80e30.10)  106with an averageGas reservoirs' profile [25].
Table 3
Comparison indexes of between the Fuling Shale Gas Field and typical gas fields in North America.
Shale name Marcellus Haynesville Barnett Fayetteville Eagle Ford Fuling
Geological times D J C C K S
Depth/m 1200e2600 3200e4100 2000e2600 1737 1200e3050 2150e3150
Genetic type Thermal genetic gas Thermal genetic gas Thermal genetic gas Thermal genetic gas Thermal genetic gas Thermal genetic gas
Net thickness/m 15e107 (46) 61e91 (79) 30e213 (91) 6e61 (41) 46e91 70e87
TOC/% 2.0e13.0 (4.01) 0.5e4.0 (3.01) 3.0e12.0 (3.74) 2.0e10.0 (3.77) 2.0e8.5 (2.76) 1.04e5.89 (3.56)
Ro/% 0.9e5.0 (1.5) 1.2e2.4 (1.5) 0.85e2.1 (1.6) 2.0e4.5 (2.5) 0.8e1.6 (1.2) 2.20e3.13 (2.58)
Gas contents/(m3/t) 1.70e4.25 2.83e9.34 8.50e9.91 1.70e6.23 5.66e6.23 3.52e8.85 (5.85)
Free gas/% 55 75 45 30e50 75 57
Adsorption gas/% 45 25 55 50e70 25 43
Porosity/% 4.0e12.0 (6.2) 4.0e14.0 (8.3) 4.0e6.0 (5) 2.0e8.0 (6) 6.0e14.0 2.78e7.08 (4.82)
Permeability/nD 0e70 (20) 0e5000 (350) 0e100 (50) 0e100 (50) 700e3000 (1000) <1000
Silicon contents/% 37 30 45 35 15 31e70.6 (44.4)
Clay contents/% 35 30 25 38 15 16.6e49.1 (34.6)
Carbonate contents/% 25 20 15 12 60 5.4e34.5 (10)
Sedimentary environments Marine Marine Marine Marine Marine Marine
Note: The average value was presented as data in the parentheses; the table was a modified Ref. [26].
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(6.63e22.64)  106with an average of 14.17  106. The
values of resistivity were 10.06e71.02 U m with an average of
42.04 U m.5.3. Comparing production featuresFig. 9. Comparisons of the production curves between wells in the Fuling
Shale Gas Field and in typical shale gas wells in North America.Commonly, minimal gas or no natural productivity can be
acquired by testing vertical wells. High commercial gas could
be acquired through large-scale manual fracturing that was
done stage by stage. For example, from the 7th of June 2014 to
the 21st of June 2014, APR was used to perforate and test the
shale interval (2359.5e2361.5 m, thickness 2.0 m) of JY11-4.
Testing work system was opened and shut twice. The total
testing time took 341 h. The open channel flow calculated by
One Point Ways was 40e93 m3/d while the vertical well had
no productivity. The commercial shale gas wells depended on
fracturing stage by stage in horizontal wells, natural produc-
tivity could not be obtained by testing in vertical wells.
Well JY1HF started testing production on the 28th of
December 2012, and on the 9th of January 2013, the well was
designed to produce shale gas worth 6  104 m3. By the 29th
of June 2015, production was already 914 days in, oil pipe
pressure was 11.2 MPa, casing pressure was 12.86 MPa, the
daily production of shale gas was 6.2  104 m3 (Fig. 6), total
gas produced was 6014.55  104 m3, and the total water
produced was 283.06 m3. Considering the sales of natural gas
and how to set up a reasonable work system, a production
quota system was adopted by Well JY1HF. By the production
quota of 6.0  104 m3, the well has produced shale gas for
more than two years, the production was stable, but the
pressure decreased slowly.
On the 30th of September 2013, Well JY6-2HF started to
produce shale gas, the best work system was to produce shale
gas by a constant pressure of 6 MPa, average production was
about 30  104 m3, the production took 638 days, casing
pressure decreased to 21.94 MPa, but the production decreased
to 26.14  104 m3, covering only 68% of initial production. InNorth America, the shale gas wells reached their peak pro-
duction in the first 2e3 months, and then the production began
to decrease. After half a year, the production decreased to half
of its original amount. After 2e3 years the production
decreased to only 25% of peak production (Fig. 9). According
to the comparison, the production standard of Well JY6-2HF
was similar to those of North America. In the early stage, a
great differential pressure was adopted to produce, but the
production decreased quickly. In the latter stage, the low
production quota with a small choke was used and the pro-
duction was low and the time required to consistently produce
was long.
6. Conclusions
(1) The Longmaxi Formation in the Fuling Shale Gas Field
had a deep-shelf with a sedimentary environment. The
shales with rich organic matters were distributed thor-
oughly and it gave an excellent material base to generate
shale gas.
(2) The thermal maturation of shales in the Longmaxi For-
mation was medium, the pores in organic matter with the
nm-level size developed wells and great storing space
became convenient in shale gas accumulation.
118 R. Liu / Journal of Natural Gas Geoscience 1 (2016) 109e118(3) The shale gas reservoirs of Longmaxi Formation in the
Fuling Shale Gas Field were in-situ detained reservoirs
that were self-generated and self-stored. The components
of natural gas and carbon isotopes showed that the sources
of shale gas in the Longmaxi Formation came from the
hydrocarbon source materials.
(4) The shale gas from the Longmaxi Formation in the Fuling
Shale Gas Field has similar geological features, develop-
ment, and production conditions to those in North
America.
(5) The gas produced from the Longmaxi Formation in the
Fuling Shale Gas Field is a typical shale gas.Conflict of interest
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